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SUMMARY 

Toata were conducted to detormino tho effect cf several flight 
variables and sovoral types of fuel agitation on fuel-vapor loss 
from a fuel tank during flight. Data wore obtained from simulated- 
flight tosts, in which tho effects of rate of climb, altitude, 
initial fuol temperaturo, woathoring of fuel, and fuol agitation 
were investigated; and a corrolation between tho simulated- flight 
nid actual-flight data was established. 

Tho following conclusions wero roachod from the data obtained 
from the simulated-flight teats using Atf-F-28, Aiaondmont-2, fuel: 

1. Fuel-vapor loss i-.croasod linearly with altitude beyond a 
critical altltudo. Some small Iobbob, howovor, occurred boforo tho 
critical altltudo was roachod. 

2. An incroaso in the initial fuol temperature abovo 70° F 
markodly ir.croasod fuel-vapor loss. 

3- ^he rate of fuol-vapor Iosb incroasod with an incroaso in 
the rate of climb but the loss to any givon altitude increased only 
slightly with an increase in tho rate of climb of from 1000 to 
UCOO feot per minute. (Tho losses duo to fuel foaming ovor at the 
higher ratos of climb whon the fuel tank is filled close to its 
capacity wero not investigated.) 

U. The rate of fuol-vapor Iosb was groatoat during the climb 
portion of the flight and wae very small during the constant- 
altitudo flight. 
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5« The rate of fuel- vapor loss after the end of the climb 
period increased with altitude but the loss during the constant- 
altitude portion of the flight was small In comparison with the 
loss during the climb. 

6. Mechanical mixing of the fuel similar to that produced by 
a submerged booster pump increased fuel-vapor loss, particularly 
during the constant-altitude portion of the flight. 

7. Normal vibration in the wings and fuselage of the airplane 
during flight had little or no effect on fuel-vapor loss. 

8. Sloshing of the fuel in the fuel tank similar to that pro- 
duced by airplane rocking markedly increased fuel-vapor loss. 

9. Weathering of the fuel by successive flights showed that 
fuel-vapor loss decreased with each succeeding flight. 

10. The amount of fuel-vapor loss obtained during simulated- 
flight tests was in close agreement with the amount obtained during 
an actual-flight test. 



INTRODUCTION 

The fuel-vapor loss occurring through the vent of an aircraft 
fuel tank during flight has become of great importance with the 
advent of high-altitude, long-range military aircraft. This loss 
represents an increase in the fuel consumed during flight and 
results in a reduction of the cruising range or of the load-carrying 
capacity of the airplane. 

The physical properties of fuels and the basic concepts per- 
taininp to fuel vaporization have been investigated in connection 
with the vapor-locking of aircraft fuel systems, particularly by 
Dr. 0. C. Bridgeman and his coworkers under the Coordinating 
Research Council and 7/. H. Curtis and R. R. Curtis of Thompson 
Products Inc. Information is still Licking, however, as to the 
effect of flight variables on fuel-vapor lors for a predetermined 
flight path. 

This report presents the results of a series of simulated- 
flight tests conducted at the NACA Cleveland laboratory -it the 
request of the Army Air Forces to determine the effects of flight 
variables, such as rate of climb, altitude, initial fuel tempera- 
ture, fuel agitation, and fuel weathering on the fuel-vapor losses 
from a fuel tank. Each variable was studied independently, all 
other variables being held constant during esch seriee of tests. 
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The simulated-flight tests were conducted with a small fuel tank 
on a bench-test Installation to facilitate instrumentation and han- 
dling of the equipment during the tests, flight tests were con- 
ducted with a" similar installation in a twin-engine airplane' to 
correlate the simulated-flight data with actual-flight data. 



APPARATUS 

Simulated-Slight Installation 

By means of a simulated-flight bench-test installation (fig. l) t 
the fuel was subjected to conditions simulating those encountered 
during the fM^ht of an airplane from the ground to a predetermined 
altitude. This installation consisted essentially of a fuel tank 
evacuated by vacuum pumps to produce a predetermined flight path. 

The drum-type fuel tank was 10 inches in diameter and 15 inches 
in height (inside dimensions), ^he cylindrical portion of the tank 
was made of transparent plastic l/h inch thick and the endB were 
made of transparent plcstic l/2 inch thick. The tank was completely 
covered with felt insulation l/2 inch thick. The tank was evacuated 
by three vane-type vacuum pumps, each with a capacity of 9 cubic 
feet per minute, connected in parallel. The vent line between the 

pumps and the tank was a reinforced flexible hose l-g- inches in 

inside diameter and 5 feet in length. A solenoid valvo was placod 
in the vent line just before the pumps. The loss of fuel was indi- 
cated by a balance having a dial of 2-pound range graduated in 
0.01-pound units. 

Representative temperatures at various levels within the tank 

were measured by five thermocouples spaced at 3^-inch vertical 

intervals with the lowest thermocouple located l/2 inch from the 
bottom of the tank. These thermocouples, along with two others 
that measured the heating-water and ambient-air temperatures, were 
connected to a self-balancing potentiometer through a selector 
switch. 

The fuel vapor leaving the tank could be condensed by a fuel- 
vapor condenser consinting of a 6- by 9-inch temperature regulator! 
manufactured to Air Corps Specification No. 95-28139* and having 
the ends modified to fit in the vent line. The temperature within 
the fuel-vapor condenser was maintained between -20 and -60° I by 
circulating chilled kerosene at the rate of 3 gallons per minute 
through the passages around the tubes* By meanB of the fuel-vaoor 
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condenser it was possible to maintain higher rates of olimb to 
increased altitudes than could be obtained with the vacuum pumps 
alone. 

Changes in pressure experienced by an airplane climbing from 
the surface of the earth to a certain altitude r.t various rates of 
climb were simulated in the installation b/- means of a flight-path 
control. This control consisted of a vertical drum r rotating at a 
constant speod of 0.1 rpm, to which charts of the deaired flight 
pattern (pressure altitude plotted against time in min) were 
attached. The pressure within the fuel tan!c was measured by an 
absolute-pressure I^-tube manometer mounted in front of the drum. 
The pressure changes experienced by an airplane climbing to alti- 
tude, therefore, could be produced in the tank by manually control- 
ling the air-bleed valves in the vent line so that the level of the 
mercury column in the open leg of the manometer followed the pre- 
determined flight path on the chart. The open leg of the manometer 
was calibrated to eliminate the possibility of errors duo to dif- 
ferences in the bore between the legs of the manometer. For this 
roason all altitudes reforrod to in this report are pressure 
altitudes. 

The A2T-F-2C, Amendment-2, fuol used during both the simulated- 
flight toots and the actual-flight tents was drawn from the general 
laboratory supply and stored in the test room in a 55-gallon drum. 
Fuel was vithdrawn from the drum' as required by displacing it with 
wator. (See fig. 1.) during tho oimulatod- flight tests the fuol 
pasfieil directly from tho drum throujh a 9~ hy P-i^oh temporature 
regulator before it ontorod tho tank. Tho temperature regulator, 
built to Air Corps Specification ?o. 2SlUl, waB mofified to provide 
for the circulation of wator at 120° F through the tubes. 

Flight Installation 

Tho flight tosts were conducted la a twin-engine airplane 
with tho cabin modified to accommodate equips nt similar to that 
of the bench-test installation. In or.'er to reproduce tho 7_aborn- 
tory conditions, a tank and a balance similar to those used in the 
bonch tests wore installed in the airplane. (Soo fig. 2.) The 
tank "as vested to the atmosphere through an SM— inch length of 

reinforced flexible tubing of l~inch inside dioniotor connected 

to an opening in the cabin vinfow. A 2-inch £atc valvo was located 
in tho ve:it line 3^- inches from the tank. Tho to- Tocraturoe at fivo 
points within the tank voro measured by rosister.co-bulb toimoraturo 

indicators locatod at J^-Lnch. vortical intervals, with tho lowest 
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indicator located 1 inch from the bottom of the tank. These resist- 
ance bulbs, as well as one located in the vent line 5 inches above 
the top of the tank, were connected to dial temperature indicators 
in the instrument panel. Pressure measurements were obtained imme- 
diately outside the opening of the vent line to the atmosphere, in 
the vent line, and at the top of the fuel tank. These pressures 
were recorded as a pressure differential with reference to atmos- 
pheric pressure. 

PROCEDURE 

Simulated-Flight Tests 

The procedure followed was similar for each simulated-flight 
test conducted, during each series of tests, all of the conditions 
with the exception of the variable being studied were held constant. 
The simulated-f light test taken as tne standard was of 90-minute 
(Juration and consisted of a climb at the rate of 2000 feet per min- 
ute to 30,000 feet and level flight at this altitude to the end of 
the test. 

The fuel and water in the sealed storage drum were thoroughly 
mixed before each test and the mixture was then allowed to separate 
for 10 minutes. The temperature of the water circulating through 
the temperature regulator was then adjusted to approximately 120° F 
in all tests except those in which the effect of initial fuel tem- 
perature wan investigated. With the solenoid valve in the vent line 
closed, 15 pounds of fuel were transferred from the storage drum 
through the temperature regjlator to the fuel tank; the temperaturo 
of the fuel entering the tank was approximately 110° F. In order 
to adjust, the temperature of the fuel to 110° F +0.5° F, hot or cold 
water was circulated through the coils in the tank and, at the same 
time, the fuel '"as intermittently agitated by an electrically driven 
propeller near the bottom of the tank. The pressure within the tank 
was maintained at atmospheric pressure during the filling operation 
only by means of a small drain cock in the vent line. 

■Vith thn vacuum pumps operating, the test was started by simul- 
taneously opening the solenoid valve in the vent line and starting 
the drum of the flight-path control to which a chart of this desired 
flight path had been attache',. The balance dial reading and the 
temperatures indicated by the thermocouples were recorded just before 
the beginning of the test, at 1-minute intervals from 1 to 20 min- 
utes, at 2-minute intervals from ?0 to 30 minutes, and at 5-ninute 
intervals from 30 minutes to the end of the test. A sample of the 
fuel was obtained from the fuel tank before and after each test for 
analysis by the A.S.T.Jm. distillation method. 
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Flight Tests 

The actual-flight testa followed essentially the procedure 
used in the simulated-flight tests. In these tests the tank was 

filled with 16^ pounds of fuel and the vent opening was sealed. 

The tank was then installed in the airplane and the weight 
rechecked before a fuel sample was withdrawn. With the valve in 
the vent line closed, the temperature of the gasoline was raised 
to approximately 110° F by circulating water at a temperature of 
130° F through the coils. When the fuel had reached the desired 
temperature, a second fuel sample was obtained and the tare weight 
and the balance dial reading were recorded. 

The actual-flight path, with small unavoidable deviations, 
consisted of a climb at a rate of 1000 feet per minute to a 
20,000-foot altitude, a climb at a rate of 6f>0 feet per minute to 
a 26,700-foot altitude, a half -hour flight at this altitude, and 
a descent to the groiind at 1000 feet per minute. 

Flight data were recorded by photographing the instrument 
panel and balance dial at timed intervals during the test. Photo- 
graphs were taken before leaving the hangar apron, just as the 
wheels of the airplane left the ground at take-off, every 2 minutes 
during the climb, every U minutes during the constant-altitude 
flight, and ev?ry 2 minutes during the descent until the wheels of 
the airplane again touched ground. A final photograph and a fuel 
samplii were then taken with the vent closed and the engines turned 
off. 

TcstF Ttre conducted on the simulated-flight installation 
simulating the same conditions that were encountered in the actual 
flight. 



ACCURACY OF RESULTS 

The accuracy of the teat results was dependent upon the repro- 
ducibility of the test conditions. Variables affecting the repro- 
ducibility of tests .vero recognized but could not be effectively 
controlled during this investigation. The sources of urror con- 
sidered to be greatest were given special attention, but it v/as 
impossible to measure the quantitative effect of each source of 
error independently or to recognize which Bource of error contri- 
buted during any one tent. 

The greatest variation in test results was probably caused by 
air leaking into the tank through tne joints and the seams of the 
tank. As the air leaked into the tank and passed out through the 
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vent, it carried with it a quantity of fuel vapor which, depending 
upon the amount of air leakage, could appreciably affect the results 
of the test. The fuel tank was checked for leaks before and after 
each test and the results of the testB in which leakage was evident 
were discarded. 

The accuracy of the potentiometer used to indicate temperatures 
may have had an effect on the test results. The potentiometer used 
had a random error of ±1° F plus a possible inherent error of 
±0.1 percent of the full-scale deflection of the instrument. With 
a range of 800° F, the potentiometer thuB had a possible error of 
±1.8° F. It was quite possible, therefore, that the initial fuel 
temperature could have varied between 112° F and 108° F at the 
beginning of each test, which would have resulted in a possible 
difference in total fuel-vapor loss of ±0.350 percent. 

Because of conditions beyond the control of the operator, the 
fuel often entered the tank at temperatures ranging from 10?° F to 
115° F Instead of the desired temperature of 110° F ±0.5° F. Owing 
to this variation, it "vas necessary to adjust the temperature of 
the fuel by circulating hot or cold water through the coils and 
intermittently stirring the fuel with the submerged propeller. At 
propeller speeds as low as 100 rpm it was noted that bubbles were 
formed along the trailing edges of the propeller blades. The 
bubbles thus formed could be a result of air being released from 
solution in the fuel or of fuel vapor being formed because of a 
low-pressure area at the trailirip edges of the propeller blades. 
The fuel-vapor loss during this period of the test was checked on 
several occasions and ir. each cape was found to be negligible. 

Inasmuch as the flight-path control was manually Optra ted, 
the accuracy of the instrument depended on the skill of the oper- 
ator. Despite all the precautions taken, therefore, the pressure 
within the tank could be controlled only to within ±0.1 inch of 
mercury during the climb periods. During the constant-altitude 
portions of the tests, the pressure could be held to within 
±0.0? inch of mercury. 

It was found that the fuel-vapor loss was also affected by 
the ambient-air temperature, despite the fact that the test tank 
was completely covered with l/2-inch felt insulation. This effect 
was indicated by a series of tests during which the fuel tank was 
enclosed in a box and the temperature of the air surrounding the 
tank hold constant at each of snveral predetermined temperatures. 
During the climb portions of the test when the highest rates of 
loss were experienced, tho effect of the ambient-air temperature 
was not noticeable but it was readily evident during the constant- 
altitude portion of the simulated flight, A. plot of the fuel-vapor 
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loss occurring from the end of the climb to the end of the test 
against the average ambient-air temperature (fig. 3) indicates a 
linear variation of fuel-vapor loss with ambient-air temperature. 

The chief differences between the actual-flight tests and 
the simulated-flight tests were in the methods of producing alti- 
tude pressure within the tank and the differences in ambient-air 
temperatures around the tank. In the simulated-flight inptalla- 
tion, altitude pressures were produced directly within the tank; 
whereas, during the actual-flight test, altitude pressure existed 
at the opening of the vent line to the ambient-air pressure outside 
the airplane fuselage. The difference between the pressure inside 
the fuel tank and that of the outside atmosphere, however, was 
never greater than 0.06 inch of mercury during the actual flight. 
Burinp: the flight test the tank was covered with an additional 
layer of l/2-inch-thick felt insulation in an effort to obtain the 
same rate of heat transfer at the lower cabin temperatures as was 
experienced during the simulated-flight test. 

Erratic scale readings during the actual-flight tests were 
obtained as a result of the scale's b*»ing jirred at intervals owing 
to the roughness of the fli-ht. *t high altitude (26,700 ft) it 
was difficult tc maintain level flight because the airplane was 
operating near its service ceiling; as a result, the balance dial 
oscillated during the interval of recovery after loss of altitude. 
During the first part of the descent from level flight at high 
altitude, the operating conditions were changing, thus causing the 
airplane to vibrate. 

The effect of vent size, which is a flight variable in the 
actual airplane, did not enter into this investigation inasmuch as 
the pressure altitudes were reproduced within the tank and not at 
the vent outlet. 



RESULTS OF SIHJ IATED-F LIGHT ""ESTS 

The data obtained from a typical standard simulated flight 
are shown in figures h, St and 6. Figure h shows the fuel-vapor 
loss, the average fuel temperature, and the average vapor temper- 
ature above the fuel as a function of the flight time. The rate 
of fuel-vapor loss plotted in figure J? as a function of flight 
time was obtained by taking the slope of the fuel-vapor- loss curve 
of firure U. The change in the fuel characteristics due to the 
simulated flight is sho7>n in figure 6 where the A.3.T.H. distilla- 
tion curves before and after the simulated flight are compared. 
k careful analysis of the t.wo curves presented in figure 6 raveals 
that the /»re n test portion of the fuel lost i? in the lower boiling- 
point region oi' the distillation curve. 
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Rate of Climb 

For the rate-of -climb tests the fuel. in. the tank -was subjected 
to simulated flights at rates of climb of 1000, 2000, and U000 feet 
per minute to an altitude of U0,000 feet. The results of these 
tests (fig. 7) indicate that the rate of fuel-vapor loss is appar- 
ently a function of the rate of climb. Replotting the data with 
fuel-vapor loss as a function of altitude (fig. 8) indicates that, 
at any given altitude, loss increased only slightly with increased 
rate of climb for the rates tested (l/h percent per 1000 ft/rain 
between rates of climb of 1000 and 2000 ft/min; 1/8 percent per 
1000 ft/min between 2000 and U000 ft/min). The losses due to fuel 
foaming over at the higher rates of climb when the fuel tank is 
filled close to its capacity were not investigated. 



Altitude 

A linear variation of fu^l-vapor loss v;ith altitude above some 
critical altitude (the theoretical altitude at which fuel-vapor 
loss begins) is shown in firure 8. From the slope oi' the curve the 
following formula can be derived for predicting the approximate 
fuel-vspor loss for a climb to a given altitude: 




v.here 

L fuel-vapor loss, percent 
Z altitude, in 1000 feet 

Z c critical altitude, in 1000 feet (intersection of linear portion 
of loss-against-altitude curve with base line, fig. 8) 

Several simulated flights were conducted, each at the same 
rate of climb, but for each flight the climb ended at a different 
altitude, which wgs maintained for a period of time. Simulated 
altitudes of 10,000, 20,000, 30,000, and UO.000 feet were reached 
by a climb of 2000 feet per minute. The total flight time was 
6£ minutes. The results of this series of tests are presented in 
figure 9. 

The fuel-vapor loss after the end of the climb period is pre- 
sented in figure 10. The increase in the rate of fuel-vapor loss 
after the end of the climb period with increased altitude can be 
noted and was probably caused by any one or a combination of the 
following factors: (1) a short time was needed for the system to 
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como to equilibrium at the now altitude pressure after the clinb 
period; (2) the evaporation rate may have increaaod with decreased 
atmospheric pressure; and (3) if any air leaks were present, the 
error caused would have "been magnified an the altitude was increased. 



Initial Fuel Tonporp ture 

The effect of the initial fuel teraporvture on fuel-vapor Ions 
was investigated by conducting several tests in which batches of 
fuol at initial tenperatures of 110°, 90°, 7O 0 , 5C°, aid 29° F wore 
subjected to standard sinulated flights. 

Because 1 fuol-vaoor loss is a function of tho fuel-vapor -oree- 
surc, which in turn is a function of fuol tomporaturo, decreasing 
the fuol temperature should reduce the fuel-vapor Iocs. (See 
fig. 11.) Tleplotting the data rs fuel-vepor loss at the end of the 
climb ng.^inat initial fuel temperature (fig. 12) indicates a rapid 
linoir increcco in fuol-vp.por loss with increases in fuel teroora- 
turcs above 70° ^« ^ e fuel-vapor loss during a climb to p.n alti- 
tude of 30,000 foet at initial fuel temperatures above 70° J, 
therefore could possibly bo predictod from tho following equation 
dorivod from the slopo of tho curvo of figure 12: 

L - X (S - T 0 ) 

where 

L fuel-vapor loss, percent 

T initiil fuel temporaturo, °F 

T c teinporaturo above which loss varies linoarly with tonporature 
(the intersection with tho baso lino of tlio linoar portion 
of tho curve of fuel-vapor loss against initial fuel toranor- 
aturo, fig. 12), °3P 

Z conr.tant (0.1!? porcont per °P, from fig. 12) 

This oquation and figuro 12 ir/.icato thst i^rocooling of the fuel 
v;ill appreciably reduco the fucl-VF.por I03S. 



Wcathoring of tho Fuel 

The offoct of weathering of the fuol on fuol-vapor loss was 
invostigp.tcd by submitting tho same tanl': of fuel to sovor.il nuccos- 
sive standard simulated flights. OJhe curvos showing fuel- vapor 
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loss plotted against flight time for three successive simulated 
flights are presented in figure 13. Replotting the data to show 
the -to-bai- -loss- at the end of ^ach -fldiiiulafced. flight- as -a- function 
of the number of flights (fig. 110 indicates a linear relation with 
the loss decreasing markedly for each successive simulated flight. 



Fuel Agitation 

Several types of fuel agitation experienced in an aircraft 
fuel tank during flight were individually reproduced during simu- 
lated flights and their effect on .fuel-vapor loss was determined. 

Vibration . - In order to . simulate low-amplitude vibration 
within the range experienced in the wing and fuselage of an air- 
plane during flight (reference 1), the fuel tank was vibrated 
vertically during a standard simulated flight by an air-operated 
vibrator attached to the tank. Vibrating the fuel tank at fre- 
quencies of 168 and 120 cycles per second at amplitudes of 0.0009 
and 0.0018 inch, respectively, had little, if any, effect on fuel- 
vapor loss with no definite trend. (See fig. 1J>.) 

Mechanical agitation . - In order to simulate the effect of 
the turbulence created by the propeller of a submerged fuel booster 
pump on fuel-vapor loss, a three-bladed propeller was installed in 
the fuel tank of the simulated-flight installation and the fuel- 
vapor loss during standard simulated flight was determined for 
several propeller speeds. The propeller, 2~ inches in diameter and 
driven by a modified booster-pump motor, was located inches above 

the bottom center of the tank. The propeller blades were set at an 
angle of 30° with the plane of rotation and were used to thrust the 
fuel downward in one series of tests and upward in a second series 
of tests. The results of the two series of tests (fig. 16) indi- 
cate that, for the range of speeds investigated, the fuel-*vapor 
loss increases with speed irrespective of the direction of thrust. 
Plotting the fuel-vapor loss at the end of the standard simulated 
flight as a function of propeller speed (fig. 17) shows that the 
rate of fuelr-vapor loss with speed for either direction of thrust 
is the same. This increase in fuel-vapor loss with increased pro- 
peller speed tends to substantiate the conclusion reached in ref- 
erence 2 that agitation created by a propeller produces low-pressure 
regions along the trailing edge of the propeller blades and at the 
center vortex. The low-pressure regions produce vapors that should 
result in increased evaporation of the fuel with increase in pro- 
peller speed. 




H- 



H 



Fuel 

Hot voter 
Voter return 
Cold voter 
Air 



•M- 



— K- 



■K- 



. Tempered voter 
■ ■ fuel vapor 
-K Returned kerosene 



K K Cooled kerosene 

E E Thermocouple leads 



NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



Figure 1. - Diagrammatic sketch of simulated-flight bench-test installation 
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Figure 3* - Variation of fuel-vapor loss from the end of the 
ellmb period to the end of the standard simulated flight, 
with average ambient-air temperature. 
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Figure 3. - Variation of fuel-vapor loss from the end of the 
climb period to the end of the standard simulated flight. - 
with average ambient-air temperature. 
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Figure k. - Fuel-vapor loss, average fuel temperature, and average vapor temperature 
measured during a standard simulated flight. Test 67. Standard simulated flight 
ponslsted of a climb at 2000 feet per minute to an altitude of 30,000 feet with 
level flight at this altitude to end of test. 
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Figure 5. - Rate of fuel-rapor lose during a standard simulated flight. Test 67. 
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Figure 7. - Fuel-vapor loss during simulated flights to 40,000 feet at various rates 
of clinb. 
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igure 8. - Variation of fuel-vapor loss with altitude during simulated flights at 
various rates of climb. 
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Figure 9. - Fuel-vapor loss during simulated flights to various altitudes. Rate of 
climb, 2000 feet per minute; altitudes after climb held constant to end of flight. 
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Figure 12. - Fuel-vapor lose at the end of the climb period for standard simulated 
flights with fuel at various Initial fuel temperatures. 
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Figure Ik. - Total fuel-vapor loss during suooessive standard 
simulated flights with a given fuel sample. 
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(a) Fuel thrust downward. 
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Figure 16. - Fuel-Tapor lose during standard simulated flights with Induced fuel 
turbulence produced by a rotating propeller with a blade angle of 30° a 
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(b) Fuel thrust upward. 

Figure 16. - Concluded. Fuel-vapor loss during standard simulated flights with 
induced fuel turbulence produced by a rotating propeller with a blade angle of 
30°. 
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Figure 17. - Fuel -vapor loss at end of standard simulated flight 

with induced fuel turbulence produced by a rotating; propeller 
with a blade angle of 30°. 
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Figure 18. - Fuel-vapor lots during standard simulated flights with fuel tank oscillated 
through an angle of 5°. 
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Figure 20. - Fuel-vapor loss during simulated and actual flights. Initial fuel 
temperature, 108° F. 
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